Multichannel high-resolution seismic data along the northwestern margin of the Great Bahama Bank (GBB), Bahamas, details the internal geometry and depositional history of a Neogene-Quaternary carbonate slope-to-basin area.
INTRODUCTION
The Great Bahama Bank (GBB) is the largest shallow-water platform of the Bahamian archipelago, which forms an extensive carbonate province in the southeastern part of North America (Fig. 1) . It is the best modern example of an isolated platform operating under tropical conditions, and has been a highly productive carbonate factory since its inception in large-collapse deposits upon the slope apron physiography, (iii) highlight the influence of the bottom currents and associated contourite deposits upon the downslope deposits and their along strike distribution.
GEOLOGICAL SETTING

Geodynamic evolution of the Bahamas and major structural events
The present-day configuration of the Bahamian archipelago results in a complex geodynamic evolution of the Caribbean realm that was punctuated by a succession of structural episodes since the opening of the North Atlantic during the Late Jurassic -Early Cretaceous (Pindell, 1985; Denny III et al., 1994) . Late Jurassic rifting was followed by the development of a widespread marine carbonate mega-platform ("megabank") during the Lower Cretaceous that extended over an extensive geographic area including the Bahamas (Ladd & Sheridan, 1987) .
Shallow marine limestones interbedded with evaporites predominantly occur over the western Bahamas due to significant thermal subsidence and an important drowning known in the Middle Cretaceous (Schlager et al., 1988) .
The Late Cretaceous was a time of tectonic plate re-arrangement affecting the Caribbean region (Pindell, 1985; Ross & Scotese, 1988; Pindell & Kennan, 2001 ). The megabank was subsequently fragmented by a series of prevalent N-S oriented fault-bounded horsts and deep grabens (Sheridan et al., 1981; Corso et al., 1985) . The northwestern Great Bahama Bank was segmented into two smaller shallow carbonates banks (Bimini and Andros) separated by a fault-bounded N-S-trending corridor (i.e. Straits of Andros) (Eberli & Ginsburg, 1987) .
Further south, faults were reactivated as normal faults to create several deep, narrow, WNWstriking troughs separating isolated carbonate banks . The Santaren Channel was also segmented by NW-striking normal faults with offsets up to 1200 m (Masaferro & Eberli, 1995) . Faulting-related topography still locally prevails at the seafloor along the GBB (Sheridan et al., 1981; Bergman, 2005) .
The Late Cretaceous -Middle Eocene was marked by the Cuban Orogeny, which was caused by collision between the Caribbean and North American plates. The northern margin of Cuba formed a thrusting arc belt advancing northward over the southern Bahamas. The collision caused re-organization of the West Bahamian realm, which was locally affected by the re-
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activation of Jurassic faults, the formation of NW-SE thrust and folds, WNW striking strikeslip faults and the establishment of a flexural forebulge in the newly formed South GBB foreland (Masaferro, 1997; . Masaferro (1997) suggests that uplift due to the forebulge migration away from the collision zone, may have initiated exposure of the Cretaceous carbonate banks in the south GBB and possible further north. This hypothesis is confirmed by Bergman (2005) who demonstrates that such a northward far-field deformation migration progressively operated through time along the GBB, forming compressional folds, thrusts and syntectonic unconformities at the top of the inherited buried blocks. The south of the Santaren Channel was affected by the Cuban Orogeny in the Late Cretaceous whilst the north of the GBB displayed Cuban contractional deformation and erosion during the Late Oligocene (~25 Ma). Submarine growth of the Santaren Anticline with coeval syn-tectonic sedimentation both indicate that contraction remained active during the entire Neogene in the south of the Santaren Channel but was marked by episodic higher rates of uplift and folding Masaferro et al., 2002) .
The fragmented Cretaceous GBB carbonate shelves coalesced during the Neogene due to the subsequent aggradation and progradation of an extensive carbonate platform that prograded over 27 km towards the west from the Bimini Bank (Eberli & Ginsburg, 1987 , 1989 .
Due to its inherited segmentation, the western shelf-edge displayed an asymmetrical configuration during the Tertiary and is characterized by a gentle N-S oriented curvature in the southern part whilst, in the north, the Bimini Bank shows a net protrusion towards the west (Hine & Neumann, 1977; Hine et al., 1981b; Eberli & Ginsburg, 1987 , 1989 . Since its inception during the Late Oligocene, the Bimini Embayment formed a morphological reentrant that would play a crucial role in the configuration of the GBB and the distribution of sediments during the all Neogene.
Currents
The western slope of GBB is currently dominated by both shallow-and deep-water currents that flow in the Florida Straits and the Santaren Channel (Fig. 1) . The Florida Current is a strong surface-water current that flows northward (Mullins et al., 1987; Leaman et al., 1995; Lee et al., 1995; Wang & Mooers, 1997 , 1998 . It is mainly nourished by the outflow of the Loop Current of the Gulf of Mexico, with contributions of inflow from a weaker shallow current through the Santaren Channel Leaman et al., 1995) . Both main shallow currents influence bottom deposits and give rise to several contourite drifts in the
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This article is protected by copyright. All rights reserved. study area (Fig.1) (Hine et al., 1981a; Bergman, 2005) . At greater water depth, minor countercurrents and tidally-driven reversing currents form in Florida (Grasmueck et al., 2006; Correa et al., 2012) .
Bottom currents are important in the slope-to-basin transition because they can winnow and rework slope deposits, or prevent accumulation entirely, resulting in periods of no net accumulation (Coniglio & Dix, 1992) .
DATA AND METHODS
This study relies on a ~1480 km grid of 2D High-Resolution multichannel seismic reflection data covering approximately 5000 km 2 , collected on the R/V Le Suroît during Leg 1 of the Carambar cruise in November 2010 (Mulder et al., 2012) ( The 2D seismic survey is intersected by six published wells that were drilled along the slope, the base of slope and the adjacent basin of the Great Bahama Bank during two successive Ocean Drilling Program (ODP) legs 101 and 166, (respectively held in 1985 and 1996) (Austin et al., 1986; Eberli et al., 1997a) . Five wells were drilled in the southern part of the study area (wells 1005, 1004, 1003, 1007 and 1006) whereas only one was performed in the northern part (well 626). Two other exploration wells (Clino and Unda) were drilled on the top of the platform as part of the Bahamas Drilling Project (Ginsburg, 2001) , along a seismic line originally acquired by Western Geophysical (henceforth known as the Western Line; Eberli & Ginsburg, 1987) . These latter two wells represent the shallow-water sites and complete the transect from the platform to the basin (Figs. 2 and 3) . The re-examination of the Great Isaac well on northwestern GBB (Fig. 2) by Schlager et al. (1988) allowed retracing of its sedimentary succession and depositional settings evolution since the midCretaceous.
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Well tying, seismic calibration and chronostratigraphic framework
Time-depth conversion and subsequent seismic interpretation were performed using the Sismage software package (©Total). The seismic profile that crosses ODP wells 1003, 1004, 1006 and 1007 is used for time-depth conversion and to tie well data to seismic data. For each well, measurements of physical properties (P-wave velocity, density and natural gamma-ray)
are imported and a check-shot survey was used to define a time-depth law for each one (Fig.   4 ). Calibration between well and seismic data and the time-depth law returned by Sismage software is illustrate in Figure 4 by the well 1007.
Ages of the seismic reflectors are provided from accurate chronological constraints based on planktonic foraminifer and nannofossil zones from the Late Oligocene to the Pleistocene, which facilitate regional correlations performed using the ODP wells (Eberli et al., 1997a) .
Absolute ages were updated with the Time Scale from Cohen et al. (2013) .
Seismic interpretation
SISMAGE software (©Total) was used for interpretation of the processed seismic sections.
The Neogene to present day stratigraphic succession encountered within the 2D survey has been subdivided into nine seismically correlative depositional units, bounded by laterally extensive and regionally key stratigraphical surfaces defined as sequence boundaries (SB) according to Mitchum et al. (1977) , Vail et al. (1977) and Sarg (1988) terminology. The SB have been define from platform to basin and calibrated in time with planktonic foraminifera and nannofossil biozones (Eberli et al., 1997; .
The surfaces are named from their relative age, from the Late Oligocene Surface (L. Olig) through to Pleistocene Surface (Ple.4) ( Table 1) , and the depositional packages are numbered from the chronologically oldest to the youngest: Seismic Unit 1 (SU-1) to Seismic Unit 9 (SU-9). The nine depositional packages and their bounding surfaces are analyzed in this paper. The ODP wells have been correlated with respect of bio-zonations, facies sequences issued from cores studies and geometries interpreted from seismic sections (Fig. 5 ). Both isochron and isochore maps (in milliseconds of two-way travel time and approximate thickness in meters), respectively attributed to each bounding surfaces and seismic sequences, are illustrated in Figs 11 and 12. Seismic facies were identified and grouped according to their interpreted depositional system. They were distinguished through a series of properties such as reflection configuration, amplitude, geometry and structure, lateral facies
Accepted Article
relationships, geometries of the bounding surfaces, lithology and depositional environment.
The six ODP wells (Legs 101 and 166) within the study area provide the lithology calibration of the seismic data (Table 2) . SU-1 consists of as a set of very low-amplitude and semi-continuous seismic reflectors, which conformably overlay the L.Olig Surface. In the southern area, strata onlap towards the east against the escarpment surface inherited from the southern faulted Bimini Bank (Fig. 3 ) (Eberli & Ginsburg, 1987 , 1989 . Here, SU-1 therefore forms a west-dipping aggrading slope apron disconnected from the easterly Late Cretaceous -Early Tertiary escarpment margin.
RESULTS
Seismic
In the southern area, facies of the uppermost part of SU-1 are made up of mud-supported biowackestones with intercalated cherts (wells 1007 and 1003) (Eberli et al., 1997a) , whereas in the northern area, well 626 shows grain-supported facies characterized by skeletal packstones to grainstones with cherts (Austin et al., 1986) . Even further north, the Great Isaac well indicates neritic packstones to grainstones with minor pelagic muds, interpreted as deepwater slope deposits (Schlager et al., 1988) . Ma)
SU
The SU-2 seismic unit is bounded at the base by the Bur surface, which is a downlap surface in the northern area (Figs. 5 and 7) but is rather horizontal and conformable in the south (Figs. 7 and 8) . The top of SU-2 is limited by the Langhian surface Langh (15.9 Ma), which
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is mostly characterized by an irregular and unconformable seismic reflector over the whole study area. In the north, the surface plunges rapidly westward and is affected by amalgamated V-shaped incised valleys (Fig. 6 ).
SU-2 forms a massive slightly tilted progradational wedge in the northern part of the study area (thickness > 300 ms) that progressively thins (~75 ms) towards the SW downlapping the Bur Surface over 25 km (Fig. 6) . Here, the unit is made up of sub-parallel, semi-continuous, hummocky clinoforms, characterized by medium-to high-amplitude, sometimes forming amalgamated convex lenses that orientate perpendicularly to the slope. Well 626 indicates skeletal-foraminiferal packstone facies rich in skeletal packstone and grainstone clasts, interbedded with cherts and limestones at the base of the unit (Austin et al., 1986) . Laterally, stacked chaotic facies associated with erosional sub-vertical scars are interpreted as MTCs accumulated at the base-of-slope of the SW flank of the northern Bimini Bank (Fig. 8 ).
SU-2 thins downslope where it progressively passes to continuous and conformable, mediumto high-amplitude undulated reflectors (SF-1, Table 2 ). These basinal facies show a relatively constant thickness (~80-100 ms) over the southern area and are interpreted as hemipelagic deposits. In the south, similarly as for the previously described SU-1, SU-2 pinches out towards the east against a faulted escarpment surface of the Bimini block of the ancient easterly platform (Fig. 3 ) (Eberli & Ginsburg, 1987 , 1989 . Wells 1007 and 1003
indicate mud-supported bio-wackestones with dark-grey inter-beds of bioclastic packstones to floatstones that grade westward into SF-1, which is interpreted as hemipelagic ooze. SU-3 is bounded at the base by the Langh surface and at the top by the conformable Upper Serravallian surface Se.2 (11.9 Ma). Se. 2 displays a sub-horizontal and continuous seismic reflector in the south and west (Figs. 6 and 7) whilst it becomes irregular and unconformable in the north (Fig. 6 ). In the south, SU-3 corresponds to an aggradational to progradational wedge (~500 ms thick) that progressively thins (~75 ms) westwards (Fig. 3) . It mainly displays semi-continuous low-angle prograding clinoforms with dips between 2.7° and 0.3° according to Betzler et al. (1999) and characterized by medium-to high-amplitude reflectors.
SU
Stacked convex lenses (SF-3, Table 2 ) are observed along strike ( These deposits are interbedded with packstones to floatstones rich in shallow-water bioclasts
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and planktonic foraminifera (Eberli et al., 1997a; Betzler et al., 1999; Betzler et al., 2000) .
On the northern margin, the unit thins upslope (35 ms) but still conformably overlays the SU-2 unit (Fig. 8 ).
The toe-of-slope and the basin are characterized by smooth, parallel and continuous reflections of medium-amplitude (SF-2, Table 2 ). In the south, this facies interfingers with SF-3 (Figs. 3 and 5) whilst in the north area, it onlaps the Langh surface (Fig. 6 ). Strata wedge out towards the south-west and form a thick mound-shaped body at the base-of-slope that migrates upslope towards the north (Fig. 6 ). Austin et al. (1986) described winnowed skeletal sands with planctonic foraminifera in well 626.
In the northern area, SF-2 is occasionally cross-cut along the slope by a series of sharp- SF-7 passes laterally into a chaotic to moderately discontinuous layered facies (SF-6, Table   2 ), which locally displays a concave lens shape with an erosive basal surface. At well 626, SF-6 is made up of around 50 m of coarse-grained bio-packstones, floatstones to rudstones that are rich in lithified skeletal lithoclasts of oyster shells and coral fragments. It is interpreted as mud-to grain-supported debrites overlain by high-density turbidites (Austin et al., 1986) . SF-7 may pass downslope into SF-6, suggesting that upslope rock-fall mechanisms may trigger downslope erosive debris-flows processes through a unique and localized gravity-flow carbonate event.
SU-4: Serravallian (11.9 Ma) -Messinian (5.7 Ma)
SU-4 is bounded at the base by the Se.2 surface and at the top by the Messinian surface Me assigned to the top of the Messinian sub-stage (5.7 Ma) (Figs. 6 and 7), which corresponds with a sub-horizontal and conformable reflector in the basin but becomes strongly unconformable, displaying irregular features incised by deep (30-50 ms) V-shaped valleys in the upper slope ( Fig. 6 ) (Anselmetti et al., 2000) .
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To the south, the unit is a thick progradational wedge (~250 ms) that progressively thins to the west (~120 ms) and terminates over 25 km from the slope edge (Figs. 3 and 5). The wedge displays semi-continuous, sub-parallel low-angle (between 1.2° and 3.3°) clinoforms that downlap the Ser.2 surface (Figs. 7 and 8) (Betzler et al., 1999) . Clinoforms consist of medium-to high-amplitude hummocky to wavy reflectors that may coalesce to form amalgamated convex lenses (SF-3, Table 2 ). Wells 1007 and 1003 reveal an alternation of wackestones/packstones dominated by shallow-water allochems and planktonic foramifera.
Inter-beds of mud-supported bio-packstones to floatstones rich in planktonic foraminifera also occur on the mid and upper slopes.
In the northeast, west-dipping sigmoidal clinoforms form a perched prism that lies at the upper slope and spreads out over less than 10 km downslope. Numerous lithified slightly Basinal seismic facies are characterized by conformable and continuous reflectors of medium-amplitude (SF-2, Table 2 ). They are represented by muddy facies in wells 626 and 1006 and have been interpreted as drift deposits (Austin et al., 1986; Eberli et al., 1997a) . In the south, contourites commonly interfinger with the downslope facies of the adjacent apron as they progressively grade upslope towards the east (Figs. 3 and 5) . Here, the upbuilding of the accreting Miocene slope apron tended to progressively slows down at the expense of the eastward encroachment of the contourite deposits. In the north, although drift deposits are observed in well 626 (Austin et al., 1986) , this upslope migration is less obvious as deposits pass laterally to lower foreslope facies (Fig. 6 ).
SU-5: Messinian (5.7 Ma)-Early Pliocene (3.6 Ma)
The SU-5 seismic unit is bounded at the base by the erosional Me surface and at the top by the Early Pliocene surface Pl.1 (3.6 Ma) that distinctively occurs as a high-amplitude, continuous seismic reflectors over the study area (Figs. 6-8 ). The Pl.1 surface is planar and horizontal in the basin ( 
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On the southern slope, SU-5 is a thin (25-50 ms) interval of continuous and conformable reflections of very low amplitude (SF-1) which interfinger with SF-2 at the toe-of-slope ( (Austin et al., 1986) . In the basin, a 130 m thick wedge of tabular high-amplitude facies (SF-2, and clays that are rich in nannofossils and planktonic foraminifera (Eberli et al., 1997a) . SU-6 can be subdivided into two sub-units. The lower sub-unit shows a smooth mounded geometry with a progradational configuration both northward and eastward (Figs. 5 and 8).
Downlap terminations on Pl-1 surface define an asymmetric shape with a steeper northern and eastern slope bounded by a well-developed moat (Figs. 7 and 9). Conformable stacked seismic horizons dominate in the basin. The upper sub-unit has a sigmoidal to oblique mound geometry, with a marked aggradational component that laterally changes into a steeper eastdipping progradational geometry also characterized by eastward downlap terminations upon
Pl-1. Although this sub-unit shows high-amplitude reflectors, seismic facies (SF-2) are similar to the underlying sub-unit (Eberli et al., 1997a) . The upper sub-unit shows an important upslope migration characterized by 1's to 10's km rapid translation (< 1 m.y.).
SU-6 is interpreted as massive mounded contourite drift, according to the classification of Faugères et al. (1999) and Bergman (2005) . This drift formed during two distinct building phases. In the median part of the study area, SU-6 is cross-cut by a series of vertically sharpbounded 1-2 km wide chaotic facies (SF-7, Table 2 ) that extend over 10 to 20 km in the
basin. These facies have been interpreted as large-collapse that occurred during the Pliocene and formed MTCs interbedded into contourites (Principaud et al., 2015) . In the south muddominated peloidal limestones coevally occur along the upper slope, suggesting a concomitant stranded slope apron deposition upslope (wells 1004 and 1005) (Eberli et al., 1997a) (Fig. 5) . and 8), the unit consists of stacked concave lenticular bodies of low-to medium-amplitude chaotic facies bounded at the base and at the top by higher-amplitude reflectors (SF-4, Table   2 ). SU-7 is preferentially deposited in the concave depression formed by the moat of the SU-6 drift and does not extend further into the basin. Well 1007 indicates that SU-7 consists of peloidal and aragonite coarse-grained mud-to grain-dominated debrites, which are rich in corals debris, red algae and shelf fauna (Eberli et al., 1997a) . Lenticular calcidebrites progressively migrate upslope, showing a net back-stepping geometry (Fig. 5) . Along strike, debrites form amalgamated convex-up lens that are up to 100 m-wide and extend northward over 50 km (Fig. 8) . These deposits seem preferentially backfilling inherited collapse-related depression of the Pliocene MTCs (Principaud et al., 2015) as they migrate further north.
SU-
SU-7 is clearly thinner in the north than in the south but shows at both locations similar architectural and sedimentological patterns, with grain-dominated stacked lobate SF-4 (Austin et al., 1986) trapped upslope into the moat of the former SU-6 drift (Figs. 6-10).
SU-8: Pleistocene (1.7 Ma)-Present-day
SU-8 is bounded at the base by the Ple.1 surface and the present seafloor at the top (Figs. 5-7 ). The slope displays a steep stranded progradational wedge (thickness ~150 ms) that progressively thins to the west and terminates over 17 km from the slope edge (Figs. 3 and 5 ).
In the south, the wedge consists of sub-parallel, semi-continuous sigmoidal clinoforms of medium-to high-amplitude that downlap the Ple-1 surface (SF-5, 
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grainstones and floatstones along the middle slope and (iii) peloidal bio-wackestones, packstones to floatstones with aragonite matrix and some lithoclasts intervals along the lower slope.
In the north, SU-8 also shows stacked lobate geometries containing grainstones rich in coral debris (SF-4) that accumulated above SU-7 (Figs. 6-9 ). The basinal deposits consist of a massive vertical succession of continuous, sub-parallel and low-amplitude reflectors (SF-2) that onlap Ple.1 surface in the north (Figs. 6, 7 and 9) but interfinger the wedge in the south (Figs. 3 and 5) .
DISCUSSION
Paleogeography and physiography of the northwestern Great Bahama Bank
The seismic facies analysis and geometry of individual seismic units are keys for tentatively reconstructing the paleogeographical evolution of the northwesterly slope-to-basin system of the GBB during the Neogene -Quaternary. The physiography and depositional history are illustrated using a series of isochron and isochore maps The SU-1 highlights two types of strike-limited depositional slope morphology, which are separated by the Bimini embayment. The south is characterized by parallel-margin escarpment faults on which strata passively onlap (Eberli & Ginsburg, 1989) , whilst the northern shelf displays a continuous accreting shelf-slope profile (Eberli & Ginsburg, 1987) .
Such escarpment marginal morphology in the south may have implied a long-lived emergence at the top of the Bimini Bank and considerable downward by-pass of sediments into the basin (Playton et al., 2010) (Fig. 11.A) .
The northern mud-to grain-dominated apron lies over more than 100 km towards the south, whilst the southern wedge is an apron dominated by aggrading muddy facies expanding westward. Both slope deposits merge in a NE-SW deep basinal area where they laterally interfinger with nannofossil-rich hemipelagic oozes (Figs. 6, 11A and 12A).
The Paleogene was a period of tectonic dislocation of the GBB, marked by the individualization of the Bimini Embayment that forms a large and transverse fault-bounded NE-SW oriented axial graben (Eberli & Ginsburg, 1988 , 1989 . This structural fragmentation also resulted in scattered peripherical blocks outboard (Bergman, 2005) . Some block relics formed buried topographic highs prior to the Aquitanian seafloor in the northern part of the
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Langhian -Serravallian (~4 m.y.): Instability to the north and slope-apron development in the south (SU-3)
The SU-3 is marked by two major events that occurred simultaneously and interacted to form the slope to basin physiography.
(1) The establishment of contourite drifts has been identified all across the Florida Straits at around 15 Ma, illustrating the influence of a bottom-current upon the sediments distribution that flowed along the slope (Mullins et al., 1980 (Mullins et al., , 1987 (Mullins et al., , 1988 Bergman, 2005) (Fig. 1) .
Although current swept were identified in the north of the GBB (Bergman, 2005) , no important contourite drift sedimentation was evidenced. Here, seismic observations show that the Santaren Drift expanded all along northwestern GBB slope, forming a continuous and correlative massive feature onlapping the SU-2 slope-apron over more than 150 km along strike (Figs. 6, 11D and 12C) . This is consistent with results of Austin et al. (1986) and Schlager et al. (1988) , who describe bottom-current deposits for this period in ODP well 626.
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The widespread extension of the Santaren Drift coincides with a regional paleooceanographic re-organization all along GBB, resulting in the initiation of the "modern"
Loop Current/Gulf Stream circulation (Mullins et al., 1987) (Fig. 13) .
(2) Meantime, the northern slope-apron continued to prograde towards the W and SW but shows different slope-angle through time. This slope steepened, probably as the result of a widespread increase of sedimentation rates during SU-3. The Serravallian was the period during which the highest sedimentation rates are measured (13-18 cm/kyr in ODP wells 1007-1003 and 1005) according to Eberli et al. (1997a) . The steep slopes, together with high sedimentation rate, may have locally caused upslope failure and triggered large-collapse events (Fig. 11C) . Although the estimated slope angle is relatively low (~3.5°), MTCs and associated debrites show coarse grain-supported re-sedimented material.
The Serravallian interval illustrates a widespread homogeneity of depositional slope systems, with the regional development of a strike-continuous accretion margin across the entire study area. Similar architectural style changes have been also described in the Maiella Platform in Italy, where the escarpment margin has been interpreted as passing upwards into an accretion slope apron (Eberli et al., 1993; Borgomano, 2000) , suggesting a common depositional slope evolution in passive margins.
Serravallian -Messinian (~4 m.y.): Slope-apron retreat and encroachment of the contourite drift (SU-4)
The Mid-to Late Miocene was marked by a westward progradation of the carbonate platform, which was also characterized by a continuous-strike accreting slope over the GBB (Eberli & Ginsburg, 1987) (Figs. 3, 11D and 12D ). Although slope aprons accreted with the accumulation of prevailing muddy periplatform ooze and grain-supported calciturbidites sheets during the Upper Miocene, they differed in thickness and declivity. The northern apron was almost flat (~1°) whilst the southern apron slope angle ranged between 2.6° and 4° (Betzler et al., 1999) . According to Bernet et al. (2000) , the upbuilding of the upper to midslope apron in the south resulted from the vertical stacking of calciturbidites during highfrequency highstand and lowstand conditions (Fig. 12C) . Sedimentation rates were clearly higher in the uppermost part of SU-4 than in the lower part (respectively around 13 cm/kyr and 4 cm/kyr in 1007 ODP well) (Eberli et al., 1997a) , indicating that the platform probably shed the slope when the progradation was at a maximum. Meantime, as the Santaren Drift progressively migrated upslope because of the likely persistence of along-slope bottom-
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currents during the Upper Miocene, they prevented further free-expansion of re-sedimented materials towards the west.
Long-duration emersion was evidenced at the top of SU-4 by a karstified dolomitized surface and shallow incised valleys in the Unda well (Kenter et al., 2001) . Simultaneously, along the upper slope at the Clino well, an iron-manganese stained hardground indicated a major sedimentary hiatus at the Miocene/Pliocene boundary (Eberli et al., 1997a) . These observations indicated a sharp decrease in sediment export from the platform at the end of SU-4, when the shelf was entirely emerged (see also Grammer & Ginsburg (1992) ). The
Santaren Drift still migrated upslope during this period (Fig. 11D )
Messinian -Early Pliocene (~2 m.y.): Generalized drowning of the platform (SU-5)
On the shelf edge of the southern GBB platform, just above the Me surface, Clino and Unda wells both reveal packstones and mixed peloidal-skeletal packstones to grainstones rich in deep water foraminifera, indicating a temporal flooding of the platform during the Early Pliocene (Kenter et al., 2001 ). This interpretation is consistent with nannofossil chalk and condensed sections preserved along the slope and basin within SU-5, testifying an increase in water depths over the GBB. This event is interpreted as being a transgression that subsequently caused a significant change in the ecosystems on the carbonate platforms (Kenter et al., 2001) . The flooding may have also coincided with the final backfilling of the Strait of Andros and Bimini embayment inboard (Eberli & Ginsburg, 1988) .This sudden bathymetric increase resulted in a slight eastward retreat of slope aprons with a moderate smoothing of the shelf-slope profiles. It may be linked to a minor upslope migration of the Santaren Drift and, at some extent, might have triggered the first large-scale collapses in the central area (Principaud et al., 2015) (Figs. 10, 11E-F and 12E) .
Early Pliocene -Late Pliocene (~1 m.y.): Maximum encroachment of the contourite drift and confined debrites (SU-6/7)
SU-6 is characterized by the maximum aggradation and progradation of the contourite drift towards the platform, with depocenters essentially developed in the southern area (Figs. 11F,   G ). This thickness variation suggests a difference in sedimentation rates along strike (respectively 3-5 cm/kyr in the north and 12 cm/kyr in the south; Eberli et al. (1997a) ) that may be linked to the source change in production on the platform and/or the variation of the
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distance from the source. Moreover, the southern depocenter might have been created by the confinement in the Santaren Channel, which unconfined when it merged with the Florida Straits. This event was relatively short, ranging over less than 1 m.y. and might have been linked to intensification of currents although eustatic conditions that were not well constrained during this time (Fig. 13) . Faugères & Mulder (2011) also demonstrate the relationship between the dip of the seafloor and contour-current velocity. Indeed, when the slope was steeper, the velocity of the current tended to increase due to the reduction of the seafloor surface swept by the bottom current.
Laterally, extensive debrites-dominated slope-aprons developed during the Late Pliocene as amalgamated stacked debrites detached from the outer margin (Fig. 5) . The upper slope is therefore interpreted as a by-pass zone showing numerous deep (~50-100 ms TWT) V-shape canyons (Fig. 10) . The lenticular shape of debrites resulted in a topographic compensation stacking style that forms an accretionary to back-stepping geometry in an upslope direction, causing a progressive decrease of off-shelf transport energy. Debrites mostly form a large strike-continuous belt, as the result of a confined sedimentary backfilling in the former mounded geometry of the Santaren drift moat (Fig. 12G) . In the north, high rates of material exportation freely expanded up to the rear of the drift.
The onset of a steep prograding margin occurred over the GBB during the Late Pliocene as a result of a combination of eustatic highstand and off-bank transportation of coarse peloidal but non-skeletal deposits (Kenter et al., 2001) . Drastic changes in biological ecosystems (first appearance of the Caribbean reef-building coral Acropora palmata; McNeill et al., 1997) coevally operated on the platform as a result of worldwide climatic cooling (Kenter et al., 2001) (Fig. 13) .
Pleistocene -Present-day (~1.7 m.y.): Establishment of a new slope-apron (SU-8)
The Pleistocene corresponds to the second and last episode of prograding reefal platform growth, characterized by short sigmoidal slope clinoforms with steep slopes (around 45° in the uppermost part of the upper slope according to Betzler et al. (1999) ) over the Great Bahama Bank (Fig. 3) (Eberli & Ginsburg, 1987; Schlager et al., 1988; Eberli & Ginsburg, 1989) . Off-bank transport was likely favored by prevailing NNW blowing winds and tidal currents (Wilson & Roberts, 1992 that deposited very coarse upper shelf-derived skeletal grains on the upper slope (Kenter et al., 2001) , and caused the over-steepening of the adjacent slope (Kenter et al., 2001 ). High sedimentation rates (10 cm/kyr at ODP well 1003
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according to Eberli et al. (1997a) ) suggest voluminous short-time exportation of material.
Although the shelf edge showed a significant basinward stepping migration compared to the former SU-7 (Eberli & Ginsburg, 1989) , slope sedimentation was restricted in the vicinity of shelf edge as a consequence of slope heightening and over-steepening (Fig. 11H) . SU-8
Shelf-slope progradation is interpreted as resulting from successive glacial and inter-glacial episodes .
The middle part of the study area was affected by important slope collapses and mass wasting deposits whilst basinal sedimentation was mostly dominated by the renewal of periplatform ooze and less active deposition by contourite drifts (Fig. 12H) .
Depositional model and control parameters of Neogene-Quaternary carbonate gravity-flows along the slope of the northwestern Great Bahama Bank
The Neogene to Quaternary deep-water carbonate system of the GBB accounted for a particular dynamic slope apron evolution that distinctively displayed successive slope physiography with highly diversified facies and slope angles along strike. Figure 14 illustrates the strike variability of spatial facies distributions of the shelf-slope-basin of the GBB system from the Mid-Miocene to present-day. Figure 14 also shows the relationships between slope morphology, average slope declivity, type of resedimented materials and grain-size prevalence.
The Middle to Late Miocene (Burdigalian to Upper Messinian) slope system can be regionally compared with a mud-to grain-supported slope apron or accretionary margin, according to the respective classification of Mullins & Cook (1986) and Playton et al. (2010) , where slope angle averages between ~2.6° and 4° along strike for ~10 m.y. (Betzler et al., 1999) (Fig. 14A-B) . The Early Pliocene flooding marks a break in the GBB slope evolution as it caused the temporary stop of slope apron growth and the smoothing of the inherited paleo-topography (Fig. 14C) . Then, abundant strike-continuous coarse skeletal calcidebrites lens occurred during the Late Pliocene. These were detached from the shelf edge via an erosional "by-pass" upper slope zone, and might coincide to the base-of-slope apron system of Mullins & Cook (1986) or the debris-dominated slope apron model of Playton et al. (2010) (Fig. 14D) . The Pleistocene showed the return of even steeper slope morphology, characterized by very short prograding clinoformal aprons (Fig. 14E) .
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This study shows that several morphologic and stratigraphic features, like MTC occurrences and drift deposits, have been underestimated and poorly integrated in the previous depositional models proposed for the GBB (Mullins & Cook, 1986; Betzler et al., 1999 Betzler et al., , 2000 Playton et al., 2010) . Here, these features are considered to be the most important control parameters affecting the spatial distribution of gravity-flow carbonate deposits. Analysis of such parameters therefore suggests a re-evaluation in the morphological style of depositional systems to improve understanding of deep-water carbonate deposition and distribution along the GBB.
Role of large-collapse deposits upon the slope apron physiography
Although no lateral slope declivity or grain-size prevalence variations were observed along GBB slope apron during the Mid-to Late Miocene, the style of foreslope morphology may have varied locally. The SW flank of the northern Bimini Bank provides a good example of a narrow and short accreting slope apron that passes rapidly into adjacent larger and more extensive foreslope over a distance of less than 30 km. This area was affected by successive upslope failures during at least 10 m.y., which caused the deposition of gigantic (>25 * 60 km) MTCs downslope and erosional scars upslope. As a consequence of repetitive collapses, a significant amount of disorganized resedimented materials made up of isolated megablocks, boulder complexes, cohesive calcidebrites and coarse turbidites occurs at the base-ofslope domain, forming a hummocky basin-floor topography up to 50 km in the basin. Similar megabreccias and debrite-dominated slope deposits have been previously described as deposits of the original base-of-slope apron by Mullins & Cook (1986) . The carbonate sediments that immediately postdate the collapses rapidly backfilled the nested excavations formed by the upper foreslope removal to compensate the depression left at the toe of MTC scars. Backfilling sediments were forced to incline downslope over a short distance, forming higher slope-angle clinoforms that initiated subsequent instabilities. Conversely, the adjacent mud-dominated low-angle slope aprons accreted over even larger distances without being affected by upslope instabilities.
The causes of these large-scale collapse events during the Mid-to Late Miocene over a spatially restricted area remains difficult to determine. Several statements can, however, be highlighted with the regard of our current understanding of the GBB evolution:
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(1) The regional slope apron does not indicate local declivity increase but remains constant all along the GGB slope (i.e. < 4°). Megabreccia formation therefore does not appear to have been triggered by slope oversteepening. Spence & Tucker (1997) , testifying that large MTCs have occurred elsewhere in the same period of time along a leeward margin.
(2) The prevalent grain-size of the foreslope does no show significant variations along strike and does not justify differences in slope deposit cohesion and/or lithification along strike.
(3) Burdigalian to Serravallian times recorded the highest rates of slope sedimentation over the GBB (Eberli et al., 1997a ) that coincide with eustatic-derived highstands where the platform carbonate factory rapidly delivered a maximum amount of downslope overpressured material ("Highstand shedding", Droxler & Schlager (1985) , Schlager et al. (1994) , Kendall & Schlager (1981 ), Jorry et al. (2010 ). Here, even whether MTCs seems to be triggered at the end of each depositional sequence when sedimentary influxes are the highest, the stratigraphic frame is not accurate enough to conclude with certainty.
(4) The early cementation can also be considered as a major factor in MTCs. Principaud et al. (2015) show that Plio-pleistocene MTCs all glided along a common privileged décollement surface which coincided with a regional diagenetic key stratigraphic surface. In ODP Leg 166 wells, early cementation is characterized by well-lithified intervals (i.e., hardgrounds) which are found almost exclusively in glacial lowstand deposits and interpreted to have formed at or near the seafloor (Malone et al., 2001) . The lithified hardgrounds produce abrupt shifts in the index properties and shear strengths with unlithified to partially lithified portions. The low shear strength just above the lithified horizons may be a potential weak detachment layer along which slope failure can occur.
Development and role of bottom current upon the architectural evolution of the northern Great Bahama Bank
Various authors have recognized the importance of bottom currents in deep-water realms, pointing out a much more dynamic environment than earlier suggested (e.g., Bergman, 2005; Faugères & Stow, 2008; Faugères & Mulder, 2011; Betzler et al., 2014a) . The Mid-Miocene was marked by the onset of significant bottom-flow circulation that modified the seafloor physiography by forming contourite drifts in the Florida Straits (Fig. 14) (Mullins & Neumann, 1979; Mullins et al., 1980 Mullins et al., , 1987 Bergman, 2005) . In the study area, the Santaren Drift was initiated during the Langhian and evolved until present-day throughout successive phases of growth, and lateral migration. The occurrence and emplacement of such a major basinal feature coincides with a general oceanographic re-organization of the Northern
Hemisphere that operated around 15 Ma, which has been interpreted as resulting from plate tectonic movements in the Caribbean region (Mullins & Neumann, 1979; Mullins et al., 1987) . Indeed, the shoaling of the Isthmus of Panama and the progressive closure of the CAS started during the Langhian, causing the onset of the North Atlantic deep water (NADW) circulation and the intensification of the Loop Current in the Gulf of Mexico (Fig. 13 ) (Mullins et al., 1987) . During the Miocene, westward down-flowing turbidity currents depositing calciturbidites along the slope, coevally interfingered with muddy contourites deposited by the Santaren Drift that progressively migrated towards the lower to mid-slope.
Bottom currents were likely not strong enough to enable the upslope migration of the contourite deposits, which therefore only in the basin and the lowermost part of the slope.
The final closure of the CAS at about 4.7 and 2.7 Ma induced drastic changes in the global thermohaline circulation that may have caused the Late Pliocene North Hemisphere Glaciation (Haug & Tiedemann, 1998; Haug et al., 2001; Bartoli et al., 2005; Steph et al., 2006) . This event also coincides with the rapid upslope migration of the Santaren Drift along the Mid-to Late Pliocene slope apron, where contourites rapidly prograded eastwards to form a concave sub-basin at the moat position (Fig. 12C) . The subsequent Late Pliocene debrite lens, caused by a sea-level drop, were trapped and confined within the drift-derived moat, forming a strike continuous coarse facies belt along the mid-slope of the GBB. Similar confinements of MTCs formed by the aggrading contourites have been described by Principaud et al. (2015) for the Pliocene-Pleistocene.
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CONCLUSIONS
New high-quality multichannel seismic data, together with the integration of ODP wells results, have enabled us to enhance understanding of the evolution of the northwestern slope of the Great Bahama Bank carbonate slope-to-basin during the Neogene-Quaternary. 
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This article is protected by copyright. All rights reserved. wells 626 (Austin et al., 1986 ), 1003 -1004 -1005 -1006 -1007 (Eberli et al., 1997a are located on the slope and in the basin, whereas wells Clino and Unda of the Bahamas Drilling Project (Ginsburg, 2001 ) and the exploration well Great Isaac-1 are located on the platform. (Mulder et al., 2012) and the Western Geophysical Line (Eberli & Ginsburg, 1987) showing a NE-SW transect evolution from the GBB platform to the adjacent basin. B) Interpretation of the seismic profile and well correlation of wells Unda, Clino drilled on the platform and 1005, 1004, 1003, 1007 and 1006 wells, order from proximal to distal. The seismic sequence boundaries defined in the subsurface of the platform by Eberli et al. (1997a) were extended into the basin, and depositional bodies are interpreted. 
well 1007 (Eberli et al., 1997) . The seismic line is from the Carambar cruise (Mulder et al., 2012) . White areas correspond to seismic data gaps. Yellow dashes represent the basinward limit of the slope apron, orange continuous arrows show the onlapping contourite drift; and black arrows indicate the emplacement and direction of the contour current. Paleogeographic evolution of the GBB platform provides from Ginsburg (1987, 1989) . 
in milliseconds two-way travel time, which is converted to approximate thickness in meters by using the displayed correlation, assuming an average velocity of 2600 m/s (Anselmetti et al., 2000) . Paleogeographic evolution of the GBB platform provides from Ginsburg (1987, 1989) . 
